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METHOD 4 - DETERMINATION OF MOISTURE CONTENT
IN STACK GASES

NOTE: This method does not include all the
specifications (e.g., equipnment and supplies) and procedures
(e.g., sanpling) essential to its performance. Sone
material is incorporated by reference fromother nethods in
this part. Therefore, to obtain reliable results, persons
using this nmethod should have a thorough know edge of at
| east the follow ng additional test nethods: Method 1
Met hod 5, and Met hod 6.

1.0 Scope and Application.

1.1 Analytes.

Anal yte CAS No. Sensitivity

Wat er vapor (HO 7732-18-5 N A

1.2 Applicability. This nethod is applicable for the
determ nation of the noisture content of stack gas.

1.3 Data Quality Objectives. Adherence to the
requirenents of this nmethod wll enhance the quality of the
data obtained fromair pollutant sanpling methods.

2.0 Summary of Method.

2.1 A gas sanple is extracted at a constant rate from

the source; noisture is renoved fromthe sanple stream and

determ ned either volunetrically or gravinetrically.
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2.2 The nethod contains two possible procedures: a
reference nethod and an approxi mati on net hod.

2.2.1 The reference nethod is used for accurate
determ nations of noisture content (such as are needed to
cal cul ate em ssion data). The approxi mation net hod,
provi des estimates of percent noisture to aid in setting
i sokinetic sanpling rates prior to a pollutant em ssion
measurenent run. The approxi mati on nmet hod described herein
is only a suggested approach; alternative nmeans for
approxi mating the noisture content (e.g., drying tubes, wet
bul b-dry bul b techni ques, condensati on techni ques,
stoichionetric cal cul ati ons, previous experience, etc.) are
al so accept abl e.

2.2.2 The reference nethod is often conducted
simul taneously with a pollutant em ssion neasurenent run.
When it is, calculation of percent isokinetic, pollutant
em ssion rate, etc., for the run shall be based upon the
results of the reference nethod or its equivalent. These
cal cul ations shall not be based upon the results of the
approxi mati on net hod, unless the approxi mation nethod is
shown, to the satisfaction of the Adm nistrator, to be
capabl e of yielding results within one percent HO of the
ref erence net hod.

3.0 Definitions. [Reserved]
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4.0 Interferences.

4.1 The noisture content of saturated gas streans or
streans that contain water droplets, as neasured by the
reference nethod, may be positively biased. Therefore, when
t hese conditions exist or are suspected, a second
determ nation of the noisture content shall be nade
simul taneously with the reference nethod, as foll ows:
Assune that the gas streamis saturated. Attach a
tenperature sensor [capable of nmeasuring to x1 °C (2 °F)] to
the reference nethod probe. Measure the stack gas
tenperature at each traverse point (see Section 8.1.1.1)
during the reference nethod traverse, and cal cul ate the
average stack gas tenperature. Next, determ ne the noisture
percentage, either by: (1) using a psychronetric chart and
maki ng appropriate corrections if the stack pressure is
different fromthat of the chart, or (2) using saturation
vapor pressure tables. In cases where the psychronetric
chart or the saturation vapor pressure tables are not
appl i cabl e (based on eval uation of the process), alternative
met hods, subject to the approval of the Adm nistrator, shal
be used.
5.0 Safety.

5.1 Disclainer. This nethod may invol ve hazardous

materials, operations, and equipnment. This test nethod may



350
not address all of the safety problens associated with its
use. It is the responsibility of the user of this test
met hod to establish appropriate safety and health practices
and determne the applicability of regulatory limtations
prior to performng this test nethod.
6.0 Equipment and Supplies.
6.1 Reference Method. A schematic of the sanpling
train used in this reference nethod is showm in Figure 4-1.
6.1.1 Probe. Stainless steel or glass tubing,
sufficiently heated to prevent water condensation, and
equi pped with a filter, either in-stack (e.g., a plug of
gl ass wool inserted into the end of the probe) or heated
out-of-stack (e.g., as described in Method 5), to renove
particulate matter. \When stack conditions permt, other
metals or plastic tubing nmay be used for the probe, subject
to the approval of the Adm nistrator.

6.1.2 Condenser. Sane as Method 5, Section 6.1.1.8.

6.1.3 Cooling System An ice bath container, crushed
ice, and water (or equivalent), to aid in condensing
noi st ure.

6.1.4 Metering System Sane as in Method 5, Section
6.1.1.9, except do not use sanpling systens designed for
flow rates higher than 0.0283 n¥/ mn (1.0 cfm. Oher

met eri ng systens, capable of maintaining a constant sanpling
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rate to within 10 percent and determ ning sanple gas vol une
to within 2 percent, may be used, subject to the approval of
t he Admi nistrator.

6.1.5 Baroneter and Graduated Cylinder and/or
Bal ance. Sanme as Method 5, Sections 6.1.2 and 6.2.5,
respectively.

6.2. Approximation Method. A schematic of the
sanpling train used in this approximtion nmethod is shown in
Figure 4-2.

6.2.1 Probe. Same as Section 6.1.1.

6.2.2 Condenser. Two mdget inpingers, each with 30-
m capacity, or equivalent.

6.2.3 Cooling System Ice bath container, crushed
ice, and water, to aid in condensing noisture in inpingers.

6.2.4 Drying Tube. Tube packed with new or
regenerated 6- to 16-nmesh indicating-type silica gel (or
equi val ent desiccant), to dry the sanple gas and to protect
the nmeter and punp.

6.2.5 Valve. Needle valve, to regulate the sanple
gas flow rate

6.2.6 Punp. Leak-free, diaphragmtype, or
equi valent, to pull the gas sanple through the train.

6.2.7 Volume Meter. Dry gas neter, sufficiently

accurate to neasure the sanple volunme to within 2 percent,



352
and calibrated over the range of flow rates and conditions
actual ly encountered during sanpling.

6.2.8 Rate Meter. Rotanmeter, or equivalent, to
measure the flow range fromO to 3 liters/mn (0 to 0.11
cfm.

6.2.9 Gaduated Cylinder. 25-n.

6.2.10 Baroneter. Same as Method 5, Section 6.1.2.

6.2.11 Vacuum Gauge. At least 760-mm (30-in.) Hg
gauge, to be used for the sanpling | eak check.

7.0 Reagents and Standards. [Reserved]
8.0 Sample Collection, Preservation, Transport, and
Storage.

8.1 Reference Method. The follow ng procedure is
intended for a condenser system (such as the inpinger system
described in Section 6.1.1.8 of Method 5) incorporating
vol unetric analysis to neasure the condensed noi sture, and
silica gel and gravinetric analysis to nmeasure the noisture
| eavi ng the condenser.

8.1.1 Prelimnary Determ nations.

8.1.1.1 Unless otherw se specified by the
Adm ni strator, a mninmum of eight traverse points shall be
used for circular stacks having dianeters |ess than 0.61 m
(24 in.), a mninmmof nine points shall be used for

rectangul ar stacks havi ng equi val ent dianeters |ess than
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0.61 m(24 in.), and a m nimumof twelve traverse points
shall be used in all other cases. The traverse points shal
be | ocated according to Method 1. The use of fewer points
is subject to the approval of the Adm nistrator. Select a
sui tabl e probe and probe | ength such that all traverse
poi nts can be sanpled. Consider sanpling from opposite
sides of the stack (four total sanpling ports) for |arge
stacks, to permt use of shorter probe lengths. Mark the
probe with heat resistant tape or by sone other nmethod to
denote the proper distance into the stack or duct for each
sanpl i ng point.

8.1.1.2 Select atotal sanpling tinme such that a
m ni mum total gas volunme of 0.60 scm (21 scf) wll be
collected, at a rate no greater than 0.021 n¥ mn
(0.75 cfm. Wen both noisture content and pol | utant
em ssion rate are to be determ ned, the noisture
determ nation shall be sinultaneous with, and for the sane
total length of tinme as, the pollutant em ssion rate run,
unl ess otherw se specified in an applicable subpart of the
st andar ds.

8.1.2 Preparation of Sanpling Train.

8.1.2.1 Place known vol unes of water in the first two
i npingers; alternatively, transfer water into the first two
i npi ngers and record the wei ght of each inpinger (plus

water) to the nearest 0.5 g. Wigh and record the wei ght of
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the silica gel to the nearest 0.5 g, and transfer the silica
gel to the fourth inpinger; alternatively, the silica gel
may first be transferred to the inpinger, and the wei ght of
the silica gel plus inpinger recorded.

8.1.2.2 Set up the sanpling train as shown in Figure
4-1. Turn on the probe heater and (if applicable) the
filter heating systemto tenperatures of approximately
120 °C (248 °F), to prevent water condensation ahead of the
condenser. Allowtime for the tenperatures to stabili ze.
Pl ace crushed ice and water in the ice bath container.

8.1.3 Leak Check Procedures. It is recommended, but
not required, that the volune netering system and sanpling
train be | eak-checked as foll ows:

8.1.3.1 Metering System Sanme as Method 5, Section
8.4. 1.

8.1.3.2 Sanpling Train. Disconnect the probe from
the first inpinger or (if applicable) fromthe filter
holder. Plug the inlet to the first inpinger (or filter
hol der), and pull a 380 mm (15 in.) Hg vacuum A | ower
vacuum may be used, provided that it is not exceeded during
the test. A |eakage rate in excess of 4 percent of the
average sanpling rate or 0.00057 n¥/ mn (0.020 cfm,
whi chever is less, is unacceptable. Follow ng the |eak

check, reconnect the probe to the sanpling train.
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8.1.4 Sampling Train Operation. During the sanpling
run, maintain a sanpling rate wwthin 10 percent of constant
rate, or as specified by the Admnistrator. For each run,
record the data required on a data sheet simlar to that
shown in Figure 4-3. Be sure to record the dry gas neter
readi ng at the beginning and end of each sanpling tine
i ncrenment and whenever sanpling is halted. Take other
appropriate readi ngs at each sanple point at |east once
during each tinme increnent.

NOTE: Wen Method 4 is used concurrently with an
i sokinetic nmethod (e.g., Method 5) the sanpling rate should
be mai ntained at isokinetic conditions rather than 10
percent of constant rate.

8.1.4.1 To begin sanpling, position the probe tip at
the first traverse point. |Imediately start the punp, and
adjust the flowto the desired rate. Traverse the cross
section, sanpling at each traverse point for an equal |ength
of time. Add nore ice and, if necessary, salt to maintain a
tenperature of less than 20 °C (68 °F) at the silica gel
outl et.

8.1.4.2 After collecting the sanple, disconnect the
probe fromthe first inpinger (or fromthe filter hol der),
and conduct a | eak check (mandatory) of the sanpling train

as described in Section 8.1.3.2. Record the | eak rate. | f
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the | eakage rate exceeds the allowable rate, either reject
the test results or correct the sanple volune as in Section
12. 3 of Method 5.

8.2 Approximtion Mthod.

NOTE: The approxi mation nethod descri bed below is
presented only as a suggested nethod (see Section 2.0).

8.2.1 Place exactly 5 m water in each inpinger.

Leak check the sampling train as follows: Tenporarily
insert a vacuum gauge at or near the probe inlet. Then,
plug the probe inlet and pull a vacuum of at |east 250 mm
(10 in.) Hg. Note the tine rate of change of the dry gas
meter dial; alternatively, a rotanmeter (0 to 40 m/mn) may
be tenporarily attached to the dry gas neter outlet to
determ ne the | eakage rate. A leak rate not in excess of 2
percent of the average sanpling rate is acceptable.

NOTE: Release the probe inlet plug slowy before
turning off the punp.

8.2.2 Connect the probe, insert it into the stack,
and sanple at a constant rate of 2 liters/mn (0.071 cfm.
Continue sanpling until the dry gas neter registers about 30
liters (1.1 ft3 or until visible liquid droplets are
carried over fromthe first inpinger to the second. Record
tenperature, pressure, and dry gas neter readings as

i ndi cated by Figure 4-4.
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9.0 Quality Control.

9.1 Mscellaneous Quality Control Measures.

Section Quality Control Ef f ect
Measur e

Section 8.1.1.4 Leak rate of the Ensures the
sanpling system accuracy of the
cannot exceed four volunme of gas
percent of the sanpl ed.
aver age sanpling (Ref erence Met hod)

rate or 0.00057
nt/mn (0.20 cfn).

Section 8.2.1 Leak rate of the Ensures the
sanpling system accuracy of the
cannot exceed two vol ume of gas
percent of the sanpl ed.
aver age sanpling (Appr oxi mat i on
rate. Met hod)

9.2 Volune Metering System Checks. Sane as Met hod 5,
Section 9. 2.

10.0 Calibration and Standardization.

NOTE: Maintain a |aboratory log of all calibrations.

10.1 Reference Method. Calibrate the netering
system tenperature sensors, and baroneter according to
Met hod 5, Sections 10.3, 10.5, and 10.6, respectively.

10.2 Approximation Method. Calibrate the nmetering
system and the baroneter according to Method 6, Section 10.1
and Method 5, Section 10.6, respectively.

11.0 Analytical Procedure.
11.1 Reference Method. Measure the volunme of the

noi sture condensed in each of the inpingers to the nearest
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m. Alternatively, if the inpingers were weighed prior to
sanpling, weigh the inpingers after sanpling and record the
difference in weight to the nearest 0.5 g. Determne the
increase in weight of the silica gel (or silica gel plus
inpinger) to the nearest 0.5 g. Record this information (see
exanpl e data sheet, Figure 4-5), and calculate the noisture
content, as described in Section 12.0.
11.2 Approxi mation Method. Conbine the contents of
the two inpingers, and neasure the volune to the nearest 0.5
m .
12.0 Data Analysis and Calculations.
Carry out the follow ng cal cul ations, retaining at
| east one extra significant figure beyond that of the
acquired data. Round off figures after final calcul ation.
12.1 Reference Method
12.1.1 Nonencl at ure.
B, = Proportion of water vapor, by volune, in the
gas stream
M, = Mol ecul ar weight of water, 18.0 g/g-nole
(18.0 I b/l b-rol €).
Pn = Absolute pressure (for this nethod, sane as
baronetric pressure) at the dry gas neter
mmHg (in. Hg).

Py = Standard absolute pressure, 760 mm Hg



Vi(st d)

Vwc( std)

szg(st d)

Vi
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(29.92 in. Hg).
| deal gas const ant,
0.06236 (mMm Hg) (n¥)/ (g-nole) (°K) for netric
units and 21.85 (in. Hg)(ft3/(lb-nole)(°R
for English units.
Absol ute tenperature at neter, °K (°R).
St andard absol ute tenperature, 293 °K
(528 °R).
Fi nal volunme of condenser water, m.
Initial volune, if any, of condenser water,
m .
Dry gas vol une neasured by dry gas neter, dcm

(dcf).

Dry gas vol une neasured by the dry gas neter
corrected to standard conditions, dscm (dscf).
Vol unme of water vapor condensed, corrected to
standard conditions, scm (scf).
Vol une of water vapor collected in silica gel,
corrected to standard conditions, scm (scf).
Final weight of silica gel or silica gel plus
i npi nger, g.
Initial weight of silica gel or silica gel
pl us i npi nger, g.
Dry gas neter calibration factor

I ncrenental dry gas vol une neasured by dry gas
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meter at each traverse point, dcm (dcf).
Dy = Density of water, 0.9982 g/n
(0.002201 Ib/mM).

12.1.2 Volune of Water Vapor Condensed.

(V§ - Vi)pw R Tgg

Vwe(std) =
() Pstd Mwy
EqQ.-
= Kg (Vg - Vj)
wher e:
K, = 0.001333 n¥/mM for metric units,

0.04706 ft3 m for English units.

12.1.3 Volune of Water Collected in Silica Gel.

(W - Wj) R Tgq

szg(std) : Pstd Mw K2
EqQ.-
= Kz (Wf = Wj)
wher e:
K = 1.0 g/g for netric units

453.6 g/l b for English units

s
I

0.001335 nt/g for metric units,

0.04715 ft3 g for English units.

12.1.4 Sanple Gas Vol une.

4-2



362

VmY Pm Tsd

Vv =
mstd) Pstd T

Eq. 4-3

wher e:

Fe
I

0.3855 °K/mmHg for netric units,

17.64 °R/in. Hg for English units.

NOTE: |If the post-test leak rate (Section 8.1.4.2)
exceeds the allowable rate, correct the value of V,in
Equation 4-3, as described in Section 12.3 of Method 5.

12.1.5 Moisture Content.

Vv +V
Biys - wc(std) wsg(std) Eq. 4-4

Viwestd) * Vwsg(std) © Vm(std)

12.1.6 Verification of Constant Sanpling Rate. For
each time increnent, determne the )V, Calculate the
average. |If the value for any tinme increnent differs from
the average by nore than 10 percent, reject the results, and
repeat the run.

12.1.7 |In saturated or noisture droplet-|laden gas
streans, two cal cul ations of the noisture content of the

stack gas shall be nade, one using a val ue based upon the
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saturated conditions (see Section 4.1), and anot her based
upon the results of the inpinger analysis. The |ower of
t hese two val ues of B, shall be considered correct.

12.2 Approxi mation Method. The approxi mati on net hod
presented is designed to estimate the noisture in the stack
gas; therefore, other data, which are only necessary for
accurate noisture determ nations, are not collected. The
foll ow ng equati ons adequately estimate the noi sture content
for the purpose of determning isokinetic sanpling rate
settings.

12.2.1 Nonencl at ure.

B.n = Approxinmate proportion by volune of water

vapor in the gas stream | eaving the second

i npi nger, 0.025.

Bs, = Water vapor in the gas stream proportion by
vol une.
M, = Ml ecul ar weight of water, 18.0 g/g-nole

(18.0 I b/l b-rol e).

P = Absolute pressure (for this nethod, sane as
baronmetric pressure) at the dry gas neter
mmHg (in. Hg).

Py = Standard absolute pressure, 760 mm Hg
(29.92 in. Hg).

R = ldeal gas constant,

0.06236 [(nm Hg) (n?)]/[(g-nole)(K)]



Vi(std

Vwc( std)
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for metric units and
21.85 [(in. HY) (ft3)]/[(Ib-mole)(°R)] for

English units.

Tm = Absolute tenperature at neter, °K (°R).
Tsg = Standard absolute tenperature, 293 °K
(528 °R).
V; = Final volunme of inpinger contents, nl.
Vi = JInitial volunme of inpinger contents, m.
Vi = Dry gas volune neasured by dry gas neter,
dcm (dcf).
= Dry gas volune neasured by dry gas neter,
corrected to standard conditions, dscm (dscf).
= Volune of water vapor condensed, corrected to
standard conditions, scm (scf).
Y = Dry gas neter calibration factor.
Dy, = Density of water, 0.09982 g/ni
(0.002201 Ib/mM).
12.2.2 Volune of Water Vapor Coll ected.
Vo) - (V§ - ViJew R Tgq
Pstd Mw Eq. 4-5
= Kg (V§ - Vi)
wher e:
Ks = 0.001333 n?/m for netric units,

0.04706 ft3 m for English units.
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12.2.3 Sanple Gas Vol une.

Vv VmY Pm Tgd
m(std) ~
(s Pstd Tm
Eq. 4-6
Vo P
- Kg Y m "m
Tm
wher e:
Ks = 0.3855 °K/mmHg for netric units,
= 17.64 °R/in. Hg for English units.
12.2.4 Approxi mate Mi sture Content.
Vive(std)
Bws = Y, Y + Bwm
we(std) © Vm(std)
Vv Eq. 4-7
we(std) + (0.025)

. Ve(std) * Vm(std)

13.0 Method Performance. [ Reserved]
14.0 Pollution Prevention. [Reserved]
15.0 Waste Management. [ Reserved]
16.0 Alternative Procedures.

The procedure described in Method 5 for determ ning
noi sture content is acceptable as a reference nethod.
17.0 References.

1. Air Pollution Engineering Manual (Second Edition).

Dani el son, J.A (ed.). US. Environnmental Protection
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Agency, Ofice of Air Quality Planning and Standards.
Research Triangle Park, NC  Publication No. AP-40. 1973.

2. Devorkin, Howard, et al. Air Pollution Source
Testing Manual. Air Pollution Control District, Los
Angel es, CA. Novenber 1963.

3. Methods for Determ nation of Velocity, Volune, Dust
and M st Content of Gases. Western Precipitation Division
of Joy Manufacturing Co. Los Angeles, CA Bulletin W-50.

1968.

18.0 Tables, Diagrams, Flowcharts, and Validation Data.
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Figure 4-1. Moisture Sampling Train-Reference Method
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Pl ant
Locati on
Oper at or
Dat e

Run No.
Anbi ent tenperature
Baronmetric pressure
Probe Length

SCHENMATI C OF STACK CROSS SECTI ON

Traverse | Sanpling St ack Pressure Met er )V Gas sanple Tenper ature
Pt. No. Ti me Tenper at ure differenti al Readi ng gas nt tenperature at of gas
(1), mn °C (°F) across orifice sampl e (ft3) dry gas neter | eavi ng
nmeter )H vol une condenser
mm (in.) HO m (ft3) Inlet |Qutlet or | ast
Tm, Tmyy i npi nger

"a°p) | P | oA

Aver age

Figure 4-3. Moisture Determination. - Reference Method
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Locati on Coment s:
Test
Dat e
Oper at or
Baronmetric pressure

Cl ock Tinme Gas vol une Rate neter Met er
t hr ough setting tenperature
meter, (V.), nt/ mn °cC(° P
nt (ft3) (ft3 mn)

Figure 4-4_. Example Moisture Determination Field Data
Sheet - Approximation Method.

| mpi nger Silica gel
vol une, m wei ght, g

Fi nal
Initial
D fference

Figure 4-5. Analytical Data - Reference Method.



